In this study, the highly-ordered TiO 2 nanotube (TNT) arrays on titanium sheets were prepared 12 by an anodic oxidation method. Under UV illumination, the TNT films demonstrated the higher 13 photocatalytic activity in terms of 2,3-dichlorophenol (2,3-DCP) degradation in aqueous solution 14 than the conventional TiO 2 thin films prepared by a sol-gel method. The effects of dissolved 15 oxygen (DO) and pH on the photocatalytic degradation of 2,3-DCP were investigated. The results 16
Introduction 31
The halogenated aromatics in aquatic bodies are mainly from industrial wastewater and 32 chlorination process of water purification and have been known to cause severe pollution 33 problems (Bellar et al., 1974; Kinzell et al., 1979; Ku et al., 1996) . Dichlorophenols (DCP), such 34 as 2,3-DCP, 2,4-DCP, 2,5-DCP, and 2,6-DCP, have limited degradation by most conventional 35 biological processes due to their toxicity (Zheng et al., 2004; Ye and Shen, 2004) . The 36 photocatalysis with immobilized TiO 2 thin films is an alternative to using TiO 2 powder with ease 37 of separating TiO 2 catalyst from aqueous suspension (Arabatzis et al., 2002; Gracia et al., 2004) . 38
However, this process has limited surface area with the declined efficiency of photocatalytic 39 reaction compared to using TiO 2 powder in aqueous suspension. Therefore, synthesis of the TiO 2 40 films with larger surface area and a better structure is a key step for its practical application. 41
Recently TiO 2 nanotube films have gained great attraction due to their large surface area, good 42 mechanical adhesion strength, and high electronic conductivity. The immobilized TiO 2 nanotube 43 films can be prepared by an anodic oxidation method through direct growth on titanium metal. clearly be observed that after 300 min reaction while the TiO 2 film degraded 2,3-DCP by less than 143 40%, the TNT film achieved the much higher removal by 93% with a factor of about 2.6 times. 144 Such higher reaction activity of TNT film might result from several factors of larger surface area, 145 hollow interior walls, and a nanoscale-dimensional feature. It can be understood that when TiO 2 146 semiconductor is irradiated, electrons and holes are generated, but could recombine immediately. 147
If the electrons and holes created do not recombine rapidly, they need to be either trapped in some 148 metal-stable states or migrate to the semiconductor surface separately. The nanotube array 149 architecture of the TNT film with a wall thickness of 28 nm ensures that the holes are never 150 generated far from the semiconductor-electrolyte interface because the wall thickness is much less 151 than the minority carrier diffusion length of L p ≈ 100 nm in TiO 2 (Hamnett, 1980), thus charge 152 carrier separation takes place efficiently. In addition, the hollow feature of nanotubes enables the 153 electrolyte species to permeate the entire internal and external surfaces. Paulose et al. (2006) 154 6 suggested that this could cause the holes to reach the electrolyte surface through diffusion, which 155 takes place on a scale of picoseconds, and finally also reduce the bulk recombination. Besides 156 these, the tube-to-tube contact points (~5 nm) presented in Fig. 1 may become another role 157 responsible for the higher photoactivity for TNT film due to their quantum size effect and creation 158 of a contact network between the nanotubes. This network let the charge carrier-transfer become 159 easier and distance-longer. This hypothesis has been confirmed by Varghese and co-workers 160 (2003) . They stated that the nanoscale geometry of the nanotubes, in particular the tube-to-tube 161 contact points, is believed to be responsible for the outstanding hydrogen gas sensitivity ( reported that when molecular oxygen is used as an electron acceptor to trap and remove electrons 181 from the surface of the titania particles for minimizing the build-up of free electrons, the reaction 182 of adsorbed oxygen with photo-generated electrons at the surface of the titania catalyst is 183 relatively slow and may be the rate-controlling step in photocatalytic oxidation reactions 184 (Gerischer and Heller, 1991). Therefore, increasing the charge transfer rate from titania to7 molecular oxygen will increase the efficiency of photocatalysis for organic substrate photo-186 oxidation. If the adsorbed oxygen is in excess of the photo-generated electrons at the surface, the 187 rate of electron transfer to molecular oxygen will be maximized. However, they are affected by the 188 types and characteristics of titania through the efficiency of electron-hole generation, 189 recombination, and also charge transfer reaction rates (Almquist and Biswas, 2001) . 190
For the TNT film, it can be seen from Fig. 3 Table 1 demonstrated that 2,3-DCP was degraded faster at 211 the higher pH and some acidic products were formed from the 2,3-DCP degradation. Table 1 also illustrates the pH dependency of the dechlorination of 2,3-DCP and DOC reduction 252 using the TNT film. Similar to its degradation, the photocatalytic dechlorination of 2,3-DCP was 253 observed to be faster at alkaline pH than that at acidic pH (pH 10.9 > 7.8 > 5.3 > 3.4). However, 254 DOC reduction demonstrated an opposite result on the pH dependency, in which the 255 photocatalytic reaction at initial pH 10.9 after 300 min UV irradiation lead to a significant release 256 of chloride by 99% , whereas the loss of DOC was only 20%. In the case of acidic pH (pH 3.4 and 257 5.3), the dechlorination of 2,3-DCP was only 52% and 57% after 300 min, whereas the reduction 258 of DOC reached 47% and 40%, respectively. These results indicate that acidic condition is more 259 favorable for the 2,3-DCP mineralization (further degradation) rather than its decomposition 260 Table 2 . 264 Table 2 and/or to the formation of intramolecular hydrogen bonding between the OH and Cl groups in the 298 aromatic ring (mentioned above). As a result, compound corresponding to a primary OH 299 substitution at the meta-position was detected. 300
In the routes (c) and (d), the detected intermediates are all rationalized as being formed by 301 hydrogen abstraction, followed by para-and ortho-hydroxylation of the ring, respectively. 302
Hydroxyl radicals attack preferentially the aromatic moiety due to their electrophilic character to 303 form the hydroxylated compounds 3 and 4. The two products are then followed to dechlorinate 304 through the •OH attack (compound 6) and finally oxidized to corresponding quinine (compound 7). 305
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Effect of anions 310
The existence of inorganic anions such as chloride, sulfate, carbonate, nitrate, and phosphate is 311 considerably common in wastewaters and also in natural water. The importance of anions effect 312 on the photodegradation of pollutants has been remarkably recognized due to the occurrence of the 313 competitive adsorption, resulting in the inhibitive effect on the photoreaction of organic pollutants. 314
In this study, the initial pH 5.3 was employed and the effect of Cl Photocatalytic degradation of 2,3-DCP was thought to be a pseudo-first-order reaction; k is the 622 kinetic constant. 
